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UPDATE IN GRAFT - VERSUS - HOST DISEASE

     Acute GVHD: think before you treat 
    Laura F.   Newell  1  and  Shernan G.   Holtan  2
1 Knight Cancer Institute, Hematology and Medical Oncology, Oregon Health and Science University, Portland, OR; and  2 Division of Hematology, 
Oncology, and Transplantation, Department of Medicine,  University of Minnesota , Minneapolis, MN 

   The treat ment of acute graft - ver sus - host dis ease (aGVHD) has become more nuanced in recent years with the devel op-
ment of improved risk clas si fi  ca tion sys tems and a bet ter under stand ing of its com plex, mul ti sys tem path o phys i  ol ogy. 
We review con tem po rary approaches to the risk strat i fi  ca tion and ini tial treat ment of aGVHD, includ ing ongo ing clin i cal 
tri als. We sum ma rize the fi nd ings that led to the fi rst US Food and Drug Administration approval for ste roid - refrac tory 
aGVHD (SR - aGVHD), ruxolitinib, as well as some of the chal lenges cli ni cians still face in treating SR - aGVHD. Finally, we 
dis cuss the eval u a tion and man age ment of ste roid - depen dent aGVHD, which affects approx i ma tely one - third of patients 
who have long - term, wax ing and wan ing symp toms dis tinct from chronic GVHD. Future clin i cal tri als for aGVHD treat-
ment may iden tify ste roid - spar ing approaches for patients who have a high like li hood of response and approaches to 
improve tis sue repair and dysbiosis for those unlikely to respond to immu no sup pres sion alone.  

   LEARNING OBJECTIVES 
   •    Identify risk  strat i f ed approaches to the ini tial man age ment of aGVHD 
  •    Identify poten tial con trib ut ing fac tors for per sis tent or recur ring symp toms after the ini tial treat ment of aGVHD  

  Introduction 
 Recent advance ments have improved over all sur vival and 
decreased the inci dence of grades 3 and 4 acute graft 
 ver sus  host dis ease (aGVHD) after allo ge neic hema to poi
etic cell trans plan ta tion (HCT), but sub stan tial chal lenges 
remain. 1 - 3  High  dose cor ti co ste roids are stan dard ther apy 
for aGVHD, but this approach does not con sider indi vid
ual fac tors and may lead to over   or undertreatment. In 
this review we describe cur rent risk  adapted approaches 
to aGVHD man age ment, high light ing oppor tu ni ties for 
improve ment. 

 Sixty years elapsed between the descrip tion of sec
ond ary dis ease as an immu no logic com pli ca tion of murine 
bone mar row trans plan ta tion (1959) and the f rst US Food 
and Drug Administration (FDA) approval for SR  aGVHD 
treat ment, ruxolitinib (2019). 4,5  With a deeper under stand
ing of the path o phys i  ol ogy of aGVHD, includ ing a need for 
tis sue repair and rever sal of dysbiosis, clin i cal advance
ments should be tested at a much faster pace. 

 CLINICAL CASE 
 A 47  year  old man with acute mye loid leu ke mia under
went matched unre lated donor HCT after myeloablative 
busul fan and cyclo phos pha mide con di tion ing with tac

rolimus and meth o trex ate for GVHD pro phy laxis.   Day 11 
meth o trex ate was 50 %  dose reduced, and leucovorin 
res cue was added for severe mucositis. On day 21, he 
devel oped a patchy maculopapular skin rash involv ing 
a body sur face area (BSA) of  < 20 %  and was started on 
0.1 %  tri am cin o lone top i cal cream. On day 25, he devel
oped fever, nau sea and vomiting, and wors en ing rash 
involv ing his face, ante rior / pos te rior torso, and lower 
extrem i ties to his knees (60 %  BSA). He had stage 3 skin, 
stage 1 upper  gas tro in tes ti nal (GI), and over all grade 2 
Minnesota stan dard  risk aGVHD. 6,7  Treatment included 
2   mg / kg / d pred ni sone and con tin ued tacrolimus. A com
plete response (CR) by day 28 of ther apy was sustained 
at 8 weeks. Although ste roids were discontinued by day 
52 of ther apy, he had hyper gly ce mia requir ing insu lin and 
became cushingoid dur ing treat ment. 

 Risk - based assess ment and ini tial treat ment 
 Clinical sever ity - based risk assess ment 
 The grad ing cri te ria for aGVHD are well established for the 
skin, liver, and intes ti nal tract, with higher grades asso ci ated 
with worse trans plant out comes. 7  However, discrepancies 
have remained in clin i cal stag ing across cen ters, which can 
infl u ence mul ti cen ter trial out come reporting. 8  In order to 
stan dard ize stag ing, con sen sus guide lines were devel oped 
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at the University of Michigan and sub se quently tested in the 
mul ti cen ter Mount Sinai Acute GVHD International Consortium 
(MAGIC).9,10 These guide lines pro vide more pre cise def  ni tions for 
aGVHD organ stag ing as well as con f dence lev els for diag no sis 
(con frmed, prob a ble, pos si ble, neg a tive) based on supporting 
evi dence (eg, his to logic con fr ma tion, clin i cal action). Experts from 
the Euro pean Society for Blood and Marrow Transplantation, the 
National Institutes of Health, and the Center for International Blood 
and Marrow Transplant Research Task Force have recommended 
the MAGIC cri te ria for the diag no sis and scor ing of aGVHD.11

Simpler clas si f ca tion schemes may fur ther delin eate aGVHD 
risk in order to test per son al ized treat ment strat e gies in patients 
with dif fer ing organ stag ing who are likely to have sim i lar out
comes. The Minnesota aGVHD risk score incor po rates sites 
of organ involve ment and stage of dis ease to prog nos ti cate a 
response to ini tial aGVHD ther apy and the risk of transplant 
related mor tal ity.6,12 A webbased cal cu la tor is avail  able online to 
deter mine the Minnesota aGVHD score (https:  /  /redcap  .ahc  .umn 
 .edu  /surveys  /  ?s=bNmFhseJIf). Together, MAGIC stag ing and the 
Minnesota score are used in the risk assess ment of patients with 
newly diag nosed aGVHD in many cur rent clin i cal tri als.

Biomarker-based risk assess ment
In addi tion to opti miz ing clin i cal GVHD scor ing sys tems, efforts 
to improve the deter mi na tion of sever ity and like li hood of re
sponse have focused on iden ti fy ing periph eral blood bio mark
ers. Criteria and phases of bio marker devel op ment, as well as 
the dif fer ent types of bio mark ers for acute and chronic GVHD, 
have recently been reviewed by Adom et  al.13 Because some 
avail  able bio mark ers used to diag nose aGVHD are con founded 
by organ dam age or infec tions, they are of lim ited use in aGVHD 
risk assess ment.

The MAGIC group iden ti fed 2 serum bio mark ers of GVHD 
that in com bi na tion pre dict severe GVHD and nonrelapse mor
tal ity (NRM): a sup pres sor of tumor i gen e sis, a mem ber of the 
inter leu kin 1 recep tor fam ily and the sol u ble recep tor for inter
leu kin 33, and regenerating isletderived 3alpha, pro duced 
by dam aged Paneth cells with anti mi cro bial and epi the lial
pro tec tive prop er ties.14 In a mul ti cen ter val i da tion study, the 
MAGIC algo rithm prob a bil ity (MAP) and clin i cal responses were 
deter mined at the time of treat ment ini ti a tion and again after 4 
weeks of ther apy. Using the ini tial MAP, patients could be cat
e go rized by Ann Arbor (AA) score,1-3 each with a dis tinct risk of 
NRM; after 4 weeks, changes in the MAP fur ther refned the esti
ma tion of NRM risk in all  AA groups. Importantly, the MAP was 
found to more accu rately pre dict 6month NRM than a change 
in clin i cal symp toms.

Additional bio mark ers of inflam ma tion and tis sue dam age 
have been inves ti gated. Amphiregulin (AREG), an epi der mal 
growth fac tor (EGF)like mol e cule involved in type 2 immune 
responses and tis sue repair, is another novel bio marker asso ci
ated with GVHD risk. Elevated lev els of AREG have been iden ti
fed in late aGVHD.15 Additionally, AREG lev els have been shown 
to fur ther refne the Minnesota aGVHD risk score, using sam ples 
col lected at aGVHD diag no sis as part of the Blood and Marrow 
Transplant Clinical Trials Network (BMT CTN) 0302 and 0802.16 
An AREG thresh old of ≥33 pg/mL iden ti fed patients with a lower 
like li hood of day28 response and a higher 2year NRM. Patho
logically ele vated AREG lev els decline over time in patients who 
respond to aGVHD ther apy.17 Although bio marker test ing is avail 

able to cli ni cians, novel mark ers may yet be devel oped, and the 
role of bio mark ers remains an area of active research inves ti ga
tion. The assess ment of bio markerbased risk strat i f ca tion and 
mon i tor ing should con tinue in the con text of pro spec tive clin i cal 
tri als.

Risk-adapted ini tial treat ment
For patients with grade 2a man i fes ta tions of aGHVD (defned as 
upperGI symp toms, stool out put <1 L/d, rash <50% BSA, with
out hepatic involve ment), treat ment with lowerdose ste roids 
(0.5 mg/kg/d vs 1.0 mg/kg/d) has been shown to be effec tive 
with out increas ing the risk of sec ond ary immu no sup pres sion.18 
However, for patients with grade 2b or higher man i fes ta tions 
(defned as stool vol ume ≥1 L/d, rash ≥50% BSA, or hepatic 
involve ment), treat ment with lowerdose ste roids (1.0 mg/kg/d 
vs 2.0 mg/kg/d) was asso ci ated with an increased like li hood of 
requir ing sec ond ary immu no sup pres sive ther apy.

Recently, the BMT CTN reported (trial 1501) a ran dom ized 
phase 2 study test ing the ste roidfree ini tial treat ment of Minne
sota stan dard risk aGVHD (N = 127) with sirolimus vs pred ni sone.19 
In this study, the day28 response rate was sim i lar, at 65% for 
sirolimus (90% CI, 54%76%) vs 73% (90% CI, 64%82%) for pred
ni sone. However, patients on the sirolimus arm had fewer side 
effects from ther apy and an improved patientreported qual ity 
of life, suggesting that ste roidfree treat ment of stan dardrisk 
aGVHD is fea si ble. A note of cau tion is that <10% of the par tic
i pants enrolled in BMT CTN 1501 had lowerGI GVHD, and thus 
we still do not know with con f dence how sirolimus ther apy 
would per form as the upfront ther apy in this patient pop u la tion. 
Additionally, it is unclear how widely these results have been 
adopted across clin i cal cen ters.

Patients with a favor able like li hood of response to aGVHD 
treat ment may be can di dates for ste roidspar ing approaches; in 
con trast, those patients at highest risk of fatal aGVHD may be 
can di dates for novel agents. GVHD treat ment tri als within the 
last 5 years incor po rat ing riskassess ment algo rithms are sum
ma rized in Table 1.

CLINICAL CASE
A 61yearold woman with a his tory of acute mye loid leu ke mia 
in sec ond com plete remis sion under went fludarabine and mel
pha lan con di tioned matched unre lated (male) donor peripheral 
blood stem cell transplant. She received GVHD pro phy laxis with 
tacrolimus and meth o trex ate. Her trans plant course was com pli
cated by neutropenic fever, pro tein/cal o rie mal nu tri tion requir
ing total par en teral nutri tion (TPN), and grade 1 mucositis. On 
day 11 she devel oped a maculopapular skin rash involv ing 36% 
BSA, and her anti bi ot ics were changed due to con cern about 
a pos si ble drug reac tion. On day 14 she devel oped increas ing 
diar rhea with a neg a tive infec tious workup. On day 23, she had 
a rash with 30% BSA involve ment, nau sea, eme sis, and diar
rhea (<1500 mL/d). She was diag nosed with stage 2 skin, stage 1 
upperGI, stage 2 lowerGI, and over all grade 3 Minnesota high
risk aGVHD and started on 2 mg/kg/d meth yl pred nis o lone. Her 
skin rash improved; how ever, she con tin ued to have nau sea and 
watery diar rhea (1000-1500 mL/d) progressing to ileus. Her hos pi
tal course was also com pli cated by cytomegalovirus reactivation 

https://redcap.ahc.umn.edu/surveys/?s=bNmFhseJIf
https://redcap.ahc.umn.edu/surveys/?s=bNmFhseJIf
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treated with ganciclovir, a vancomycinresis tant Enterococcus 
faecium uri nary tract infec tion treated with linezolid, and BK 
cys ti tis pal li ated with pyridium. The plan was to start ruxolitinib 
after insur ance approval and with the con trol of cytomegalovirus 
reactivation; how ever, she was never  able to start ther apy. On 
day 32 postHCT, she devel oped a pro duc tive cough, hypo ten
sion, and tachy car dia and required oxy gen and was trans ferred 
to the inten sive care unit for the man age ment of sep tic shock. 
Labs showed pan cy to pe nia and new lung infl trates. She was 
given highflow oxy gen, nor epi neph rine, and broadspec trum 
anti bi ot ics. There was some ini tial improve ment, but on day 36 
she devel oped atrial fbril la tion with rapid ven tric u lar response, 
was started on an amiodarone drip, and devel oped respi ra tory 
dis tress. Her respi ra tory sta tus wors ened, and she died on day 41.

SR-aGVHD
Definition of SR-aGVHD
The EBMTNIHCIBMTR Task Force suggested the fol low ing def 
ni tions for SRaGVHD or ste roidresis tant aGVHD:1 pro gres sion of 
aGVHD within 3 to 5 days of treat ment with ≥2 mg/kg/d pred ni sone 
equiv a lent, or2 fail ure to improve with 5 to 7 days of treat ment, or 
incom plete response after more than 28 days of immu no sup pres
sive ther apy includ ing ste roids.3,11 SRaGVHD has also been rec og
nized as (a) wors en ing GVHD man i fes ta tions in patients receiv ing 
≥1 mg/kg/d pred ni sone equiv a lent ≥2 days prior to ste roid dose 
taper ing; (b) per sis tent grade 2 to 4 GVHD with out improve ment 
≥7 days dur ing con tin ued treat ment with >0.4 mg/kg/d pred ni
sone equiv a lent, or (c) ini tial improve ment followed by exac er
ba tion ≥3 days dur ing ste roid taper at any dose of >0.4 mg/kg/d 
pred ni sone equiv a lent.20 In prac tice, it can be very chal leng ing to 
know how long to wait before adding a sec ondline agent.

Treatment options for SR-aGVHD
In May 2019, the FDA approved the frst treat ment for SRaGVHD: 
ruxolitinib, an inhib i tor of Janus kinase 1 and 2, for pedi at ric and 
adult patients 12 years of age or older.21 FDA approval was based 
upon the REACH1 trial (NCT02953678, study INCB 18424-271), a 
phase 2, mul ti cen ter, openlabel, sin glearm study of 71 patients, 
49 of whom had grades 2 to 4 SRaGVHD (includ ing patients 
who failed ste roid treat ment with or with out receiv ing addi tional 
GVHD ther apy).21 A starting dose of ruxolitinib, 5 mg twice daily, 
was admin is tered with meth yl pred nis o lone.5 At day 28, the over
all response rate (ORR) was 55% (83% for grade 2, 41% for grade 
3, and 43% for grade 4 aGVHD), includ ing 27% with a CR, with a 
median time to frst response of 7 days (range, 6-49). Ruxolitinib 
was fur ther inves ti gated in a phase 3, mul ti cen ter, openlabel ran
dom ized trial com par ing the eff cacy of ruxolitinib vs inves ti ga tor’s 
choice of ther apy in patients 12 years of age and older with SR
aGVHD (REACH2, NCT02913261).22 Day28 ORR was higher in the 
ruxolitinib group vs the con trol group (62% vs 39%, P < .001), with 
34% and 19% CR, respec tively; dura ble day56 ORR was also higher 
in the ruxolitinib group vs the con trol group (40% vs 22%, P < .001). 
Ruxolitinib was asso ci ated with a higher inci dence of throm bo cy
to pe nia and a mod est increase in ane mia and cyto meg a lo vi rus 
infec tion. In the REACH1 study, the median time to death or new 
aGVHD ther apy was 5.7 months; in the REACH2 study, median 
fail urefree sur vival was 5.0 months.21,22 Previous series have shown 
that most patients die from SRaGVHD within 6 months of diag no
sis, and only 25% to 30% of patients sur vive beyond 2 years.23,24

Other exper i men tal approaches to SRaGVHD with vary
ing mech a nisms of action are being tested in clin i cal tri als, 
recently sum ma rized by Abedin and Hamadani and Martin.20,25 
With admi ra ble humil ity in his “How I Treat” pub li ca tion, Dr 
Martin admit ted, “Truth be told, I do not know how to treat 
SRaGVHD.” This state ment under scores the tre men dous dif f
culty in over com ing this largely fatal dis ease despite decades 
of intense study. Truth be told, we do not fully under stand the 
path o phys i  ol ogy of SRaGVHD. Most novel ther a peu tics have 
been potent immu no sup pres sants, yet that may not be the cor
rect or only approach. In a pre clin i cal model, there were no dif
fer ences in Tcell expan sion, acti va tion, or enhanced cyto kine 
pro duc tion in donor T cells in mice with respon sive vs refrac
tory aGVHD.26 Recently, murine SRaGVHD was described as 
driven by inter leu kin 22depen dent dysbiosis, with a pro tec tive 
role of CXCR3hi mono nu clear phago cytes in reduc ing bac te rial 
trans lo ca tion.27 Gene expres sion stud ies from human colo rec tal 
biop sies showed that human SRaGVHD is char ac ter ized by tis
sue response to dam age, cel lu lar stress, and mac ro phage accu
mu la tion, not Tcell pro lif er a tion.28 Collectively, these recent 
stud ies sug gest that future ther a peu tic efforts in SRaGVHD, 
in addi tion to targeting the ini tial Tcellmedi ated dam age and 
inflam ma tion, might also con sider stud ies of agents designed 
to enhance tis sue repair and to cor rect dysbiosis while try ing to 
avoid broad immu no sup pres sion and its inher ent risks of infec
tion17,29-34. Recently described tar gets such as CD83 sug gest this 
may be fea si ble.35

CLINICAL CASE
A 23yearold man under went a myeloablative, matched unre
lated donor peripheral blood stem cell transplant for highrisk 
Tcell acute lym pho blas tic leu ke mia and was diag nosed with 
stage 2 skin, stage 3 GI, over all Minnesota highrisk aGVHD. 
He was treated with highdose ste roids, uri naryderived 
human chorionic gonad o tro pin (uhCG), and EGF in clin i cal trial 
NCT02525029. He achieved a CR at 4 weeks after the ini ti a tion 
of ther apy, which was sustained at 8 weeks. Over the ensu ing 
2 years, he had 6 hos pi tal i za tions with a recur rence of nau sea, 
vomiting, and diar rhea. With each epi sode he was tested for 
infec tions (1 epi sode was due to norovirus) and other com pli ca
tions, yet he would tran siently improve with a mod est increase 
in pred ni sone dose. At 3 years posttransplant, he was read
mitted with a body mass index of 16 and recal ci trant anorexia 
and diar rhea. Repeat intes ti nal biop sies showed vil lous blunt
ing, but the patient and donor absence of HLADQ2/8 ruled 
out celiac dis ease. Fecal elas tase was mildly low at 168 µg/g of 
stool, sug ges tive of mild/mod er ate pan cre atic exo crine insuf
f ciency. Fecal calprotectin was mildly ele vated at 72.8 mg/kg, 
suggesting the pres ence of inflam ma tion/neu tro phils in the 
intes ti nal lumen (nor mal, 0-49.9 mg/kg). Plasma AREG was 
mildly ele vated at 29.1 pg/mL, suggesting tis sue dam age and 
mild sys temic inflam ma tion (nor mal, <5 pg/mL; active severe 
intes ti nal aGVHD is typ i cally >33 pg/ml). Plasma cit rul line was 
low at 0.9 µmol/dL (nor mal, 1.3-6.0 µmol/dL; val ues <1 µmol/dL 
are pre dic tive of total vil lous atro phy).36 Dxylose absorp tion 
was low, with a serum level of 7 pg/mL at 2 hours (nor mal, 32
58 pg/mL), suggesting mal ab sorp tion. Budesonide and TPN 
were resumed. After a week long hos pi tal i za tion, he was dis
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charged from the hos pi tal tol er at ing some oral intake but likely 
to be depen dent on TPN longterm given the fnd ings of low 
enterocyte mass (low cit rul line) and mal ab sorp tion (low Dxy
lose absorp tion).

Steroid-depen dent aGVHD
This patient high lights a com mon clin i cal sce nario of a prolonged 
aGVHD course of wax ing and wan ing symp toms. “Steroid
depen dent” aGVHD can be defned as (a) only achiev ing a par
tial (not com plete) response to ste roids after 8 weeks, (b) still 
requir ing >10 mg/m2 pred ni sone after 8 weeks or any pred ni sone 
at all  after 10 weeks, or (c) a flare of aGVHD symp toms requir ing 
at least a 25% increase in pred ni sone dose.37 Steroiddepen dent 
aGVHD is expe ri enced by 31% of patients with aGVHD.37 While it 
is not asso ci ated with increased mor tal ity, it may be asso ci ated 
with mor bid ity and a prolonged health care bur den, as this case 
descrip tion high lights. This patient had highrisk aGVHD with an 
ini tial response to highdose cor ti co ste roids and uhCG/EGF but 
sub se quently flared, suggesting that one or more under ly ing 
causes had not been com pletely addressed by his ini tial ther apy.

Figure 1 shows the dif fer en tial diag noses and con sid er ations 
in eval u at ing aGVHD. An increase in immu no sup pres sion may 
not be the right treat ment for all  patients with wors en ing symp
toms. Several ques tions must be answered in the com ing years 
to improve out comes. Can bio mark ers be used repeat edly over 
weeks to months as a guide to taper ing immu no sup pres sion? 
Which patients need dif fer ent modes of sup port ive care (eg, 
reme di a tion of dysbiosis vs tis sue dam age), and can this even 
be dis tin guished bio log i cally? How long should adjunct repair
based ther a pies such as uhCG/EGF be con tin ued to achieve 
max i mal muco sal healing? What other tar gets of aGVHD (eg, 
the endo the lium) should be treated? Additional clin i cal tri als are 
urgently needed to address these ques tions.

Conflict-of-inter est dis clo sure
Shernan G. Holtan: advi sor: Incyte, Generon. 
Laura F. Newell: no conflicts to disclose.

Off-label drug use
Laura F. Newell: no offlabel drug use.
Shernan G. Holtan: Offlabel drug use for SGH: Urinaryderived hu
man chorionic gonadotropin has Orphan Drug Designation from 
the Food and Drug Administration for the treatment of acute GVHD.

Correspondence
Shernan G. Holtan, Division of Hematology, Oncology, and Trans
plantation, Department of Medicine, University of Minnesota, 
55455 Minneapolis, MN; email: sgholtan@umn  .edu.

References
1. Hahn T, McCarthy PL Jr, Hassebroek A, et al. Signifcant improve ment in 

sur vival after allo ge neic hema to poi etic cell trans plan ta tion dur ing a period 
of sig nif  cantly increased use, older recip i ent age, and use of unre lated 
donors. J Clin Oncol. 2013;31(19):2437-2449.

2. Gooley TA, Chien JW, Pergam SA, et al. Reduced mor tal ity after allo ge
neic hema to poi eticcell trans plan ta tion. N Engl J Med. 2010;363(22):2091
2101.

3. Khoury HJ, Wang T, Hemmer MT, et  al. Improved sur vival after acute 
graftver sushost dis ease diag no sis in the mod ern era. Haematologica. 
2017;102(5):958-966.

4. van Bekkum D, Vos O, Weyzen WW. The path o gen e sis of the sec ond ary 
dis ease after for eign bone mar row trans plan ta tion in xirra di ated mice. 
Blood. 2020;135(20):1739-1749. 

5. Jagasia M, Perales MA, Schroeder MA, et al. Ruxolitinib for the treat ment of 
ste roidrefrac tory acute GVHD (REACH1): a mul ti cen ter, openlabel phase 2 
trial. Blood. 2020; 135(20):1739-1749.

6. MacMillan ML, Robin M, Harris AC, et al. A refned risk score for acute graft
ver sushost dis ease that pre dicts response to ini tial ther apy, sur vival, and 
trans plantrelated mor tal ity. Biol Blood Marrow Transplant. 2015;21(4):761
767.

7. Przepiorka D, Weisdorf D, Martin P, et al. 1994 con sen sus con fer ence on 
acute GVHD grad ing. Bone Marrow Transplant. 1995;15(6):825-828.

Figure 1. Considerations for therapy of GVHD in the first line and beyond.

mailto:sgholtan@umn.edu


Acute GVHD | 647

8. Weisdorf DJ, Hurd D, Carter S, et al. Prospective grad ing of graftver sus
host dis ease after unre lated donor mar row trans plan ta tion: a grad ing algo
rithm ver sus blinded expert panel review. Biol Blood Marrow Transplant. 
2003;9(8):512-518.

9. Levine JE, Hogan WJ, Harris AC, et al. Improved accu racy of acute graft
ver sushost dis ease stag ing among mul ti ple cen ters. Best Pract Res Clin 
Haematol. 2014;27(3-4):283-287.

10. Harris AC, Young R, Devine S, et al. International, mul ti cen ter stan dard i
za tion of acute graftver sushost dis ease clin i cal data col lec tion: a report 
from the Mount Sinai Acute GVHD International Consortium. Biol Blood 
Marrow Transplant. 2016;22(1):4-10.

11. Schoemans HM, Lee SJ, Ferrara JL, et al; EBMT (Euro pean Society for Blood 
and Marrow Transplantation) Transplant Complications Working Party and 
the “EBMT−NIH (National Institutes of Health)−CIBMTR (Center for Interna
tional Blood and Marrow Transplant Research) GvHD Task Force.” EBMT
NIHCIBMTR task force posi tion state ment on stan dard ized ter mi nol ogy 
and guid ance for graftver sushost dis ease assess ment. Bone Marrow 
Transplant. 2018;53(11):1401-1415.

12. MacMillan ML, DeFor TE, Holtan SG, Rashidi A, Blazar BR, Weisdorf DJ. Val
idation of Minnesota acute graftver sushost dis ease risk score. Haemato-
logica. 2020;105(2):519-524.

13. Adom D, Rowan C, Adeniyan T, Yang J, Paczesny S. Biomarkers for allo ge neic 
HCT out comes. Front Immunol. 2020;11:673.

14. Srinagesh HK, Özbek U, Kapoor U, et al. The MAGIC algo rithm prob a bil ity is 
a val i dated response bio marker of treat ment of acute graftver sushost dis
ease. Blood Adv. 2019;3(23):4034-4042.

15. Holtan SG, Khera N, Levine JE, et al. Late acute graftver sushost dis ease: 
a pro spec tive anal y sis of clin i cal out comes and cir cu lat ing angio genic fac
tors. Blood. 2016;128(19):2350-2358.

16. Holtan SG, DeFor TE, PanoskaltsisMortari A, et al. Amphiregulin modifes 
the Minnesota acute graftver sushost dis ease risk score: results from BMT 
CTN 0302/0802. Blood Adv. 2018;2(15):1882-1888.

17. Holtan SG, Hoeschen AL, Cao Q , et al. Facilitating res o lu tion of lifethreat
en ing acute GVHD with human chorionic gonad o tro pin and epi der mal 
growth fac tor. Blood Adv. 2020;4(7):1284-1295.

18. Mielcarek M, Furlong T, Storer BE, et al. Effectiveness and safety of lower 
dose pred ni sone for ini tial treat ment of acute graftver sushost dis ease: a 
ran dom ized con trolled trial. Haematologica. 2015;100(6):842-848.

19. Pidala J, Hamadani M, Dawson P, et al. Randomized mul ti cen ter trial of siro
limus vs pred ni sone as ini tial ther apy for stan dardrisk acute GVHD: the 
BMT CTN 1501 trial. Blood. 2020;135(2):97-107.

20. Martin PJ. How I treat ste roidrefrac tory acute graftver sushost dis ease. 
Blood. 2020;135(19):1630-1638.

21. Przepiorka D, Luo L, Subramaniam S, et  al. FDA approval sum mary: rux
olitinib for treat ment of ste roidrefrac tory acute graftver sushost dis ease. 
Oncologist. 2020;25(2):e328e334.

22. Zeiser R, von Bubnoff N, Butler J, et al; REACH2 Trial Group. Ruxolitinib for 
glu co cor ti coidrefrac tory acute graftver sushost dis ease. N Engl J Med. 
2020;382(19):1800-1810.

23. Xhaard A, Rocha V, Bueno B, et al. Steroidrefrac tory acute GVHD: lack of 
longterm improved sur vival using new gen er a tion anticytokine treat ment. 
Biol Blood Marrow Transplant. 2012;18(3):406-413.

24. Rashidi A, DeFor TE, Holtan SG, Blazar BR, Weisdorf DJ, MacMillan ML. Out
comes and pre dic tors of response in ste roidrefrac tory acute graftver sus
host dis ease. Biol Blood Marrow Transplant. 2019;25(11):2297-2302.

25. Abedin S, Hamadani M. Experimental phar ma ceu ti cals for ste roidrefrac
tory acute graftver sushost dis ease. J Exp Pharmacol. 2020;12:549-557. 
eCollection 2020.

26. Toubai T, Rossi C, Tawara I, et al. Murine mod els of ste roid refrac tory graft
ver sushost dis ease. Sci Rep. 2018;8(1):12475.

27. Song Q , Wang X, Wu X, et al. IL22depen dent dysbiosis and mono nu clear 
phago cyte deple tion con trib ute to ste roidresis tant gut graftver sushost 
dis ease in mice. Nat Commun. 2021;12(1):805.

28. Holtan SG, Shabaneh A, Betts BC, et al. Stress responses, M2 mac ro phages, 
and a dis tinct micro bial sig na ture in fatal intes ti nal acute graftver sushost 
dis ease. Nature. 2015;528(7583):560-564. 

29. Lindemans CA, Calafore M, Mertelsmann AM, et  al. Interleukin22 pro
motes intes ti nalstemcellmedi ated epi the lial regen er a tion. Nature. 2015; 
528(7583):560-564.

30. Bruce DW, Stefanski HE, Vincent BG, et al. Type 2 innate lym phoid cells 
treat and pre vent acute gas tro in tes ti nal graftver sushost dis ease. J Clin 
Invest. 2017;127(5):1813-1825.

31. Norona J, Apostolova P, Schmidt D, et al. Glucagonlike pep tide 2 for intes ti
nal stem cell and Paneth cell repair dur ing graftver sushost dis ease in mice 
and humans. Blood. 2020;136(12):1442-1455.

32. Michonneau D, Latis E, Curis E, et al. Metabolomics anal y sis of human acute 
graftver sushost dis ease reveals changes in host and microbiotaderived 
metab o lites. Nat Commun. 2019;10(1):5695.

33. Beckman MF, Morton DS, Bahrani Mougeot F, Mougeot JC. Allogenic stem 
cell trans plantasso ci ated acute graft ver sus host dis ease: a com pu ta tional 
drug dis cov ery text min ing approach using oral and gut microbiome sig
na tures. Support Care Cancer. 2021;29(4):1765-1779.

34. Rashidi A, Ebadi M, ShieldsCutler RR, et al. Early E. casseliflavus gut col
o ni za tion and out comes of allo ge neic hema to poi etic cell trans plan ta tion. 
PLoS One. 2019;14(8):e0220850.

35. Shrestha B, Walton K, Reff J, et al. Human CD83targeted chi me ric anti gen 
recep tor T cells pre vent and treat graftver sushost dis ease. J Clin Invest. 
2020;130(9):4652-4662.

36. Crenn P, Vahedi K, LavergneSlove A, Cynober L, Matuchansky C, Messing 
B. Plasma cit rul line: a marker of enterocyte mass in vil lous atro phyasso ci
ated small bowel dis ease. Gastroenterology. 2003;124(5):1210-1219.

37. El Jurdi N, Rayes A, MacMillan ML, et al. Steroiddepen dent acute GVHD 
after allo ge neic hema to poi etic cell trans plan ta tion: risk fac tors and clin i cal 
out comes. Blood Adv. 2021;5(5):1352-1359.

© 2021 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2021000300


